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Abstract 
One of the main objectives in web handling machinery is to reach a pre-set web speed while maintaining the constant web 
tension in sections of continuous processing line. The paper presents model of a multi-motor drive system in the continuous web-
processing line where the motors driven the working rolls are mutually connected by elastic coupling caused by processed web. 
Control algorithms of such industrial application with the multi-motor drive system are advantageously verified by simulation. 
This enables to test driving system properties at large dynamic variations that occur commonly in such web tension applications. 
Results of the simulation show correctness of the developed control system algorithms with data of a real production line.  
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1. Introduction 
Continuous production lines are driven by multi-motor drives (MMDs) that are mutually coupled by mechanic 
couplings caused by processed material in form of the elastic web. The main problem of such complex system 
presents tension control in the web in sections between the working machines. From technological point of view it is 
necessary to keep the tensions at constant, pre-set values regardless variations of the web translational speed.  
The mechanics of the web tensions from technological point of view is well described in [1] and corresponding 
algorithms for control of individual drives in the MMD system are presented in [2]. To control tensions of the web 
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in the line sections, the control system of the MMD has to be equipped by proper control loops eliminating variable 
load of motors caused by the web tensions. Several control algorithms to keep the constant tension are known [3-7], 
usually requiring involvement of tension controllers.  
The goal of the presented paper is to verify correctness of a control structure for indirect tension control of the 
drives without using tension controller.  
 
Nomenclature 
a acceleration [m/s/-2] 
b width of web [m] 
cϕ motor flux constant [Vs] 
D diameter of the roll [m] 
E Young's modulus (modulus of elasticity) [Pa] 
h thickness of the web [m] 
j gear transmission [-] 
J moment of inertia [kg.m2] 
kTe damper constant [Nm/rad] 
kp spring constant [Nms/rad] 
Ka rotor circuit gain [Ω-1] 
KTM converter gain [V/V] 
h web thickness [m] 
L length of one section (between the working rolls) [m] 
Ta  time constant of the rotor [s] 
ω angular velocity [rad/s] 
φ angle of the winder coil turning [rad] 
2. Models of the drives of working machines 
Full model of the considered MMD system with the mechanical couplings is relatively complex and therefore its 
simulation would take a long time. In simulation of a continuous line we are interested mainly in time responses of 
mechanical parameters. For this reason we can use a simple DC motor model instead of a complex model of an 
asynchronous motor. Also the simulation results show that time course of mechanical variables are the same in both 
cases, regardless of the motor type. 
The used simulation model of the drive is shown in Fig. 1. The model of the motor is equipped by current 
controller of I-type and a superimposed speed controller completed by ARW connection. The current controller is 
calculated by the optimal modulus method and it also contains saturation block limiting the maximal torque. The 
speed controller is calculated using the symmetrical optimum method. 
Based on dimensioning of motors in the line, motor parameters were taken from Siemens catalog of DC motors: 
Ka =32.53 Ω-1, Ta = 0.0134 s, cϕ = 3.22 Vs, converter gain KTM = 150 V/V. The PI speed controller parameters are 
Kw = 4, Tiw = 31 ms. Tuned value of the integrating component of the current controller is set to: Ti = 24.8 ms. 
The model of the considered continuous line (compare with Fig. 6) consists of models of the drives from Fig. 1 
that are interconnected by models of the web of the processed material. Parameters of controllers of all drives are set 
to the same values with the exception of the guiding drive (speed master), where the P-parameter is set to the value 
of 20. The reason is that the task of speed-master is to maintain the required web speed as precise as possible and 
especially to maintain zero speed in case of the line stop.  
The model of the winder is moreover completed by calculation of coil actual diameter according to the equation:  
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Fig. 1 Simulation model of one drive. 
The simulation scheme of the control winder drive is shown in Fig. 2. The block “diameter calculation” performs 
calculation according to the equation (1). The control scheme calculates also the current moment of inertia, which 
varies from a diameter of the coil (the block denoted as “J”).  
 
Fig. 2 Model of the winder drive. 
The block structure for calculation of the diameter is depicted in Fig. 3. The accuracy of the calculation was 
verified on a physical laboratory model of the continuous line [2] with the parameters as above. The calculation is 
precise enough; the calculation error at 60 m web rewinding lies within the range of 3 mm. 
With increasing the diameter of the coil, the moment of inertia is increasing with the 4th power of the radius 
according to the equation: 
 404232 DDjbJ NUnwCoil  
JS   (2) 
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Fig. 3 Calculation of the winding roll diameter. 
The corresponding simulation scheme is shown in Fig. 4.  
 
Fig. 4 Calculation of the moment of inertia of the winding roll. 
3. Nonlinear model of processed web 
Individual drives in the line are mechanically coupled by the web of the processed material. In the simulation 
model of the whole line the mathematical model of the web is described by the equations: 
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where the constants are: kTe - the damper constant, kp is the spring constant. The constant kTe depends on the damping 
properties of the material and is set experimentally. The used parameters of the web are: E = 9.1010MPa, b = 1500 
mm, h = 0.002 mm and L = 1000 mm. The corresponding simulation scheme is shown in Fig. 5.  
 
 
Fig. 5 Nonlinear model of the web. 
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The simulation model is completed by measurement of the web overhangs in the line sections between the 
working machines. The reason is that the MMD could generate overhangs during creation of the tension in several 
line sections. To prevent creation of the overhang it is important to set up the line parameters properly.  
4. Model of the whole continuous line and simulation results  
Fig. 6 shows a sketch of the modeled MMD system where the web runs from the unwinder passing the 
technological section and is wound by the winder. Note that the drive which affects the web tension is generally 
denoted as BR (bridle, [9]). The whole line is divided into sections in which it is possible to set-up different 
tensions.  
The simulation model of the continuous line corresponds to a real web processing line designed for processing of 
aluminum web. The role of the line is to trim the web to required width, to clean and to flatten the surface of web in 
the technological part of line so that the sheet metal is ready for further processing. In the simulation model we have 
neglected these technological parts of the line (and drives) that do not influence tensions in the web.  
Extensive simulation enables to observe behavior of mechanical variables of the continuous line in specific 
operational modes, especially to simulate thresholds. By simulation we can also estimate current consumption by 
each drive at the required tension and speed, or current consumption of the entire line, etc. 
 
Fig. 6 Overview of the multi-motor drive system of the considered continuous production line. 
The block diagram of the MMD model of the line depicted in Fig. 6 is shown in Fig. 7. In the model there can be 
adjusted the line speed and pre-set tension in each section of the continuous line. In order to simplify the model we 
have considered equal diameter of each working roll. Of course, in case of necessity, they can be changed according 
to the real line parameters.  
Each drive (except of the guide drive) has a pre-set torque limitation. For creating the tension during the line 
standstill, the speed offset should be set in the drives. This offset is set for each drive separately - the reason is that 
at correct settings of references during creating tension in the web in the standstill mode there does not occur any 
overhang. The speed master drive in this line is the BR 21 (Fig. 6). Here, the drive torque is not limited in distinction 
to other drives and it also has no speed offset, since its role is to maintain speed across the line to the desired value. 
It is important to compensate the moment of inertia during running. For this reason the compensating signal is 
added to the required tension in a specific section as shown in Fig. 7. The acceleration torque is defined as: 
2
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Fig. 8 shows the time responses of tensions in the web without compensation of the moments of inertia during 
various working modes of the line: during standstill in time interval <0; 3,5 s> when the tensions are creating, 
during start-up the line to the working speed in interval <3,5 s; 5 s>, running by constant speed: <5 s; 8 s>, line shut-
down <8 s; 9,5 s> and line stopping <9,5 s; 10 s>. The set of tensions between the working machines corresponds to 
the first column of Table 1. Fig. 9 shows the time responses of tensions with compensation of the moments of inertia 
– the tensions are not affected by dynamic states of the line – during the line acceleration and deceleration they 
remain unchanged. 
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Fig. 7 Simulation model of multi-motor drive processing line (valid for the line sketched in the Fig. 6). 
If the torque of drive would be set to the value corresponding only to the tension MT, this would reduce the 
tension in the strip (compare time responses in Fig. 8 and Fig. 9). It is caused by the missing portion of the 
acceleration torque which is described by the equation:  
ܯ஽௥௜௩௘ ൌ ܯ் ൅ ܬ ௗఠௗ௧  (5) 
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Fig. 8 Time responses of the tensions in the web in individual sections of the considered continuous web processing line without compensation  
of moments of inertia. The tensions in the sections are denoted as T1 – T10, marked on the right side of the graph.  
 
Fig. 9 Time responses of the tension -the tension control scheme with compensation of the moments of inertia. 
Using the dynamic simulation model realized in the MATLAB/Simulink program we also observed currents of 
the motors in the multi-motor drive system that depends on pre-set tensions in the line sections. Results of the 
investigation are shown in Table 1. The web speed in the line is set to 110 m/min (data in the first five columns). 
The last two columns show values of the currents at reduced web speed to the value of 45 m/min. During the 
measurement we have focused ourselves to currents of these motors that are necessary to create required tensions  
The results of the current measurement at different web speed but preserving the same tensions in the sections are 
marked in the table by the same color (the last four columns). The results in the Tab. 1 show that the currents have 
different values during the creation of the tension in standstill. During operation, the current is independent from the 
tension in individual sections of the line.  
Conclusion 
For control of the tension in the web in the section between working machines in the continuous production line 
we have used a simulation structure with indirect tension control without using any tension controller. The proper 
technological process requires that the tensions in the line would not change during acceleration and deceleration of the 
line. To avoid changes in the web the control system was completed by compensation of the moment of inertia that 
compensate the acceleration torque in each drive. The developed model can be also used for designing and sizing of 
the drives of a real production line (based on required tensions in the line sections) or for verification of total current 
consumption by the motors in the line.  
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Table 1. Measured currents of the motors at various values of tensions in the sections between the working machines. 
Line speed [m/min] 110 110 110 110 110 45 110 45 
Tension in section T1 [p.u.] 0.3 0.1 0.1 0.8 0.8 0.8 0.2 0.2 
Tension in section T2 [p.u.] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Tension in section T3 [p.u.] 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
Tension in section T4 [p.u.] 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Tension in section T5 [p.u.] 1 1 1 1 1 1 1 1 
Tension in section T6 [p.u.] 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Tension in section T7 [p.u.] 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 
Tension in section T8 [p.u.] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Tension in section T9 [p.u.] 0.3 0.1 0.4 0.1 0.4 0.4 0.2 0.2 
Tension in section T10 [p.u.] 0.2 0.1 0.8 0.8 0.8 0.8 0.2 0.2 
Current – Tension creating [A] 3910 3910 5460 8200 7030 7025 3920 3910 
Current – Line operation [A] 1100 1100 1100 1100 1100 440 1100 440 
Current – operation without recuperation [A] 4000 4000 5360 8290 7120 7010 4000 3880 
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